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Derived Epicardial Potentials Differentiate Ischemic ST Depression 
From ST Depression Secondary to ST Elevation in Acute Inferior 
Myocardial Infarction in Humans 
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STEPHEN J. WALKER, PHD 
Hobart, Tasmania, Australia 
It was hypothesized that in acute inferior wall myocardial 
infarction, an additional ischemic area in the subendocar- 
dium of the noninfarcting territory would produce a selec- 
tive current dipole between the infarct& and ischemic 
regions. A resistance network model to calculate epicardial 
potentials from body surface electrocardiographic poten- 
tials was developed and used to examine the hypothesis in 
219 patients with acute inferior myocardial infarction. In 
the learning set of 110 patients, two characteristic dipole 
patterns were observed, each associated with a high mor- 
tality rate in the ensuing 15 months when compared with 
that in the remaining patients. In the test set of 109 
patients, a double-blind analysis of the patterns showed 
that the 34 patients with a dipole pattern had a collective 
mortality rate of 35% at I5 months compared with a 15 
month rate of 5% in the remaining patients. 
In the total group of 219 patients, the magnitude of ST 
segment elevation and both the magnitude and integral of 
the area voltage of ST depression on the epicardium were 
significantly correlated with the mortality rate (p < 0.0002 
for all variables against death at 15 months). This study 
strongly suggests that ST depression due to ischemia can be 
differentiated from ST depression secondary to the ST 
elevation in acute inferior infarction by the examination of 
epicardial potential distributions. 
(_I Am Co11 Cardioll989;14:695-702) 
In acute inferior wall myocardial infarction. anterior ST 
segment depression either in the I2 lead electrocardiogram 
(ECG) or from body surface mapping has been shown to be 
associated with increased morbidity and mortality rates 
(I-4). even though this association is still controversial 
(5,6). It is difficult to separate ST depression arising 
from an area of primary subendocardial ischemia from ST 
depression secondary to the ST elevation associated with 
the infarct region. We hypothesized that, by examining 
the epicardial potential distributions, it is possible to 
differentiate an ischemic source of ST depression from ST 
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depression secondary to infarct-related ST elevation. To 
validate this hypothesis, we studied the epicardial potential 
distributions in 219 patients with no previous myocardial 
infarction who presented with an acute inferior myocardial 
infarction and correlated these distributions with clinical and 
pathologic data. 
Theoretical considerations. We postulate that if there was 
a region of acutely infarcted muscle surrounded by normal 
muscle, the electric field set up by this infarcted region 
would be symmetric, with approximately equal current flow 
surrounding the whole boundary of the region of ST eleva- 
tion. If, however. there were a region of ST elevation 
associated with an acute infarction and an additional region 
of ST depression associated with an adjacent region of 
subendocardial ischemia, the current distribution would not 
be symmetric but the region of ST elevation and the region of 
ST depression would form a powerful current dipole on the 
surface of the heart. These current fields are illustrated in 
Figure 1. We hypothesized that examination of the epicardial 
potential distributions would enable the differentiation of ST 
depression secondary to ST elevation in an infarcting region 
and ST depression from a primary source such as suben- 
docardial ischemia. 
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Figure 1. Schematic diagram of an infarct zone with the lines of 
current flow indicated. Left, An infarct zone adjacent to an ischemic 
zone. Right, An infarct zone surrounded by normal muscle. 
Methods 
Collection of body surface electrocardiographic potentials. 
The system for acquisition, display and recording of the 
body surface ECG data has been described previously (I -7). 
In brief, a jacket with a fixed array of 50 electrodes is 
wrapped around the patient starting from a position 7.5 cm to 
the right of the sternum, so that the second column of 
electrodes is on the midsternal line. Each electrode has a 
unity gain amplifier attached directly to the electrode to 
enable adequate measurement of the signal without elec- 
trode jelly. The signals are amplified by a set of amplifiers 
with high common mode rejection (>lOO dB) and then 
multiplexed and converted to digital form before being 
optically isolated and coupled to the computer. The entire 
electrode and amplifier system is battery operated and 
electrically isolated for use in the intensive care unit. A 
bedside display of the sampled ECG signals enables bad 
leads lo be selected and replaced by an interpolation from 
the surrounding leads. Linear baseline drift is corrected by 
interpolation between baseline points picked manually in 
successive TP segments on the ECG. Because the number of 
electrodes in contact with the patient varies with the size of 
the patient virtually all patients can be studied. Electrode 
positions are calculated from the degree of overlap of the 
jacket, which is recorded at the time of mapping. Although 
electrode positioning varies among patients, body surface 
maps that are comparable among patients are produced by 
using an interpolation scheme that takes into account the 
size of each patient. A spline interpolation method is used, 
which produces 32 columns each of 12 rows evenly distrib- 
uted around the thoracic surface. This format is comparable 
with that used by other groups. A complete recording can be 
made within 5 min of approaching the patient. 
Tbe inverse transformation. The epicardial potentials are 
calculated from the body surface data by multiplying these 
data by a matrix derived from a numerical model of the 
electrical properties of the human torso. The technique used 
to model the torso has been described previously (89). 
Briefly, on a nonuniform rectangular grid, the model simu- 
lates a three-dimensional resistor network that resembles the 
human torso both geometrically and electrically. The lungs, 
spine, sternum and heart are included in the model. The 
values used for tissue resistivity in the model are those 
published by Rush et al. (IO). The torso geometry has been 
digitized from computed tomographic scan data obtained 
from a 40 year old-man in whom 22 computed tomographic 
scan slices were available. In the region of the heart, the 
slices used were spaced 1 cm apart. Elsewhere, slices spaced 
2 cm apart were used. No interpolation between slices was 
performed. To produce torso models of realistic size, the last 
(lowest) slice was repeated several times at a spacing of 2 cm 
to give an overall torso height of 45 cm. The extended region 
started just below the lungs and was homogeneous except 
for the inclusion of the spine. 
Each computed tomographic slice was divided into a grid 
with a resolution of 7.5 mm in the neighborhood of the heart. 
increasing to 1 cm and then 1.5 cm further from the heart. 
The model contained 34,914 nodes (points at which potential 
calculations are performed). There were 7,237 nodes on the 
body surface and 807 on the epicardia1 surface. Intracardiac 
blood masses were not modeled as the inverse calculations 
are not affected by the internal structure of the heart because 
the epicardial surface nodes at which the potentials are 
calculated form a closed surface surrounding the heart. This 
surface envelops all cardiac chambers and transects the 
great vessels at the point at which they leave the heart. No 
attempt was made to model the anisotropic skeletal muscle 
layer. Although this is possible when using a resistor net- 
work model, the data on muscle fiber distribution and 
orientation are not easily available and are not easily incor- 
porated into the model. 
With use of this model, the epicardial potential distribu- 
tion (h) and the torso surface potential distribution (b) were 
related by the following matrix equation: 
Ttz = b, [II 
where T is a matrix that reflects the geometry of the torso. 
To construct the matrix T, the epicardial nodes were first 
grouped to form 50 source regions of approximately equal 
size that covered the epicardium, and the potential was 
assumed to be equal at all of the nodes within any one source 
region. The vector h thus has 50 components-the potentials 
at the 50 epicardial source regions. The number of epicardial 
source regions chosen affects the inverse calculation, and 
some preliminary results of calculations with 26, SO, 74 and 
98 regions have been published (11). The vector b has 160 
components, corresponding to 160 potentials at body surface 
sites where (interpolated) body surface map data were 
measured. 
A regularization method (12) was used to solve Equation 
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Figure 2. Epicardial maps illustrating the three patterns 
of epicardial potentials’. Top left, The dipole pattern 
from the inferior surface to the lateral surface. Top 
right, The dipole from the posterior surface to the high 
lateral surface. Bottom, The nondipole pattern. In the 
three sets of data. the format is identical. The six 
projections for each epicardium are orthogonal and 
drawn in perspective. As a result. the contour spacing is 
nonlinear, especially at the edges of each projection. To 
help orient the plots. a set of coronary arteries has been 
superimposed on each epicardium. The left anterior 
descending coronary artery is seen on the right of the 
anterior projection and on the left of the lateral projec- 
tion. The left circumflex artery and its branches run 
down the right border of the lateral projection and in the 
center right of the posterior projection. The superior 
plane is oriented with the anterior upward, and the left 
to the left as though one were looking down at the heart 
from above. The inferior surface is viewed from below 
the heart looking up, and has the posterior uppermost 
and the left pointing to the left. The positions of the 
coronary arteries in the inferior view are arbitrary and 
represent a balanced coronary distribution. The heavy 
line represents a zero potential line. continuous lines 
positive contours and dashed lines negative contours. 
The contour interval is given for each set of data. 
Inferior 
Antertw 
Portermr 
Contour interval 0.20mV 
mnx0 93mV min -15lmV 
Anterior 
Suoeriw Infertar 
Left lateral 
Infermr 
Contour interval 050mV 
maxl71mV min-240mV 
,,.;, ,$_-=_; c3 , ‘..I 5% s*_ . . . . ,..‘*_ : c I . : : _.-. 
Contour interval0 50mV 
mar2.15mV mm-2-12mV 
I for h in terms of T and h. The solution obtained is given by 
the equation 
Ir = (T’T - aI)~‘T’h. 121 
where I is the appropriately sized identity matrix, and (Y is a 
parameter that determines the amount of “smoothing” 
present in the solution. The choice of (Y was made so that the 
calculated epicardial potentials were at physiologically rea- 
sonable levels while good correspondence was maintained 
between the measured body surface data and the body 
surface distribution that would be generated by the calcu- 
lated epicardial potentials. There are also statistical methods 
(13) for determining the optimal value of (Y, requiring as- 
sumptions to be made about the nature of the body surface 
noise and epicardial potentials. 
Data display (Fig. 2). Epicardial potentials are plotted as 
isopotential contour maps on the surface of the heart. These 
are displayed on six perspective views generated as though 
one were looking at the heart in situ from viewing positions 
that were anterior, left lateral. posterior. right lateral, infe- 
rior and superior to the heart. The solid lines are positive 
isopotential contours, the heavy solid line is the zero contour 
and the dashed lines are negative isopotential contours. The 
boundary of the heart visible in each view is shown by the 
bounding continuous line. The maximal and minimal volt- 
ages are calculated from the map data in millivolts. The areas 
of positivity and negativity are calculated in percentage 
units. The area voltage integral of positive and negative 
areas is calculated automatically and expressed as 
mv’percenl area units. 
Patient selection. Since May 1983, body sulfate ECG 
mapping has been performed on all patients entering the 
coronary care unit of the Royal Hobart Hospital. The body 
surface ECG mapping project was approved by the Ethics 
Committee of the Royal Hobart Hospital. No patient was 
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excluded because he or she was too ill, and it was possible to 
collect body surface data for all patients except when the 
equipment was having routine maintenance performed. 
The study group included all patients presenting with the 
following criteria: 1) >I mm ST elevation in at least two of 
leads II, III or aVF of the 12 lead ECG with subsequent Q 
wave formation; 2) no evidence of previous myocardial 
infarction; 3) QRS duration 10.1 s; and 4) serum enzyme 
evidence of acute myocardial infarction. 
Map data were recorded at a median of 8 h from the onset 
of symptoms. Medical records were kept independently of 
the body surface map. Total creatinine kinase (CK) and 
MBCK levels were measured every 8 h for 48 h, and the 
peak levels (CK,,,) were used as an approximation of 
infarct size. Patients were classified as having ventricular 
fibrillation if they left the hospital alive after one or more 
episodes of ventricular fibrillation. Patients were classified 
as having ventricular tachycardia only if it was sustained or 
recurrent and warranted cardioversion or continuous drug 
therapy. All patients with either second degree or complete 
heart block were classified as having atrioventricular (AV) 
block. Left ventricular failure was diagnosed if the chest 
X-ray film showed pulmonary venous engorgement with 
interstitial edema and the clinical diagnosis of left ventricular 
failure, based on basal crepitations and or an audible third 
heart sound, was recorded in the clinical record. 
Death after discharge was determined at the time of 
follow-up body surface mapping or by telephone contact 
with the patient or the patient’s local medical practitioner. 
The state register of deaths was inspected in cases where 
patient contact could not be made. 
Coronary arteriography. Fifty-two patients had coronary 
angiograms and seven had autopsy studies. Coronary arte- 
riograms were analyzed by both the physician who per- 
formed the angiography and by one of us (D.K.). A signifi- 
cant coronary stenosis was considered to be one of >70% 
diameter reduction. 
Statistical techniques. The patients were categorized into 
two groups, a learning set and a test set, by ranking the 
patients according to the time of data collection after pain 
onset and allocating alternate patients into each group. The 
learning set was analyzed by two observers (D.K. and 
A.J.B.) for the presence or absence of an epicardial dipole. 
The clinical data were used to assess these results to define 
the process of selection, especially in the cases intermediate 
between a clear dipole and absent dipole. The test set was 
randomized, and all identification removed from the epicar- 
dial distributions. This set of distributions was analyzed to 
detect the presence of an epicardial dipole in a blinded 
method. The learning set cannot be statistically tested for 
correlations of outcome and the presence or absence of a 
dipole. 
The patients for whom data relating to the coronary 
artery anatomy were available (obtained either at autopsy or 
Table 1. Comparison of Learning Set and Test Set in 219 Patients 
Learning Set* Test Set* 
No. II0 109 
Male (no.) 81 14 
Age (yr) 62 i II 61 ? II 
Map time (hl 
Meall 14.7 2 16.1 15.2 ? 17.2 
Median (h) 8.00 8.UU 
CK,,, (IUIliterl I .790 2 1.405 1,876 f 1,542 
No. of deaths I3 16 
VT 22 I6 
VF 9 3 
AV Block 21 25 
LV Failure 14 I9 
SK 20 19 
Volt,,, (mV) I.55 ? I.18 1.69 2 1.47 
Volt,,, (mV1 1.62 + 1.21 2.01 ? 1.27 
Integral of negative area O.?b + 0.19 0.28 + 0.24 
*p > 0.05 for all comparisons between learning and test sets. AV = 
atrioventricular: CK,,,, = maximal creatine kinase value: LV = left ventric- 
ular: Map time = time after symptom onset to the time of recording; SK = 
streptokinase therapy; VF = ventricular fibrillation: Volt,,, = maximal 
positive potential on the epicardial surface; Volt,,, = minimal negative 
potential on the epicardial surface: VT = ventricular tachycardia. 
from coronary arteriography) were analyzed separately, also 
in a randomized unidentified group, and the presence or 
absence of a dipole pattern was correlated with the coronary 
artery disease. 
Chi-square testing with continuity correction was applied 
as appropriate. The significance of continuous variables 
against clinical outcome was calculated by using the Mann- 
Whitney U test statistic on the combined groups (learning 
and test sets) (14). Because the continuous variables and the 
clinical data were collected independently, the entire study 
group was used in the analysis. 
Results 
The clinical data for the 219 patients who met the entry 
criteria are shown in Table I, comparing the learning and test 
set. There were no significant differences between data in the 
two groups. Ninety-eight of these patients formed part of a 
previously published study (I) that did not examine the 
epicardial potentials. 
Learning set (Table 2A). In the learning set, the epicardial 
distributions were classified into groups showing the pres- 
ence or absence of a localized dipole. Of the I10 patients, 25 
were noted to have a dipole distribution of one of two types 
(Fig. 2). Ten of these 25 patients were dead and 8 had left 
ventricular failure at a mean of 15 months. Of the remaining 
85 patients, only 3 were dead and 6 had left ventricular 
failure in the same time period. The presence of a dipole 
pattern appeared to be associated with a worse outcome in 
acute inferior myocardial infarction. 
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Table 2. Dipole Presence or Absence Related to Events 
Dipole Present Dipole Absent 
A. Learning Set in = I IOF 
p Value* 
UO. 
No. of deaths 
VT 
VF 
AV Block 
LV Failure 
SK 
25 85 
IO 3 
3 19 
4 5 
5 I6 
8 6 
4 I6 
R. Test Set (n = 109) 
NV. 34 15 
No. of deaths 12 4 O.OOi)I 
VT 5 II NS 
VF 0 1 NS 
AV Block 9 16 NS 
LV Failure II 8 0.02 
SK 6 13 NS 
*p values obtained by chi-square test with correction for continuity. fp 
values are no1 valid in the learning set. Abbreviatiuns as in Table I. 
Test set (Table 2B). In the test set, 34 of the 109 patients 
were noted to have the dipole distribution. Twelve of the 34 
patients were dead at 15 months and I I had left ventricular 
failure. In contrast, only 4 of the remaining 75 patients in this 
set had died and 8 had left ventricular failure. 
False negative mortality prediction. A detailed analysis of 
the false negative results in mortality prediction showed that 
among the 219 patients in the study, there were 7 patients 
who died but were predicted to survive from the epicardial 
map patterns. Of these patients, one died of cardiogenic 
shock. one of small bowel obstruction and two of presumed 
sudden cardiac death at 2 and 6 months postinfarction, 
respectively. The other three patients died at ~10 months 
after the initial ipferior infarction as a consequence of further 
cardiac infarction or of sudden death. 
Postmortem and angiographic correlations. Of the 219 
patients, 59 underwent postmortem examination or coronary 
arteriography. The analysis of the data from these 59 pa- 
tients showed that the presence of a dipole did not correlate 
with either double or triple vessel disease. The dipole was 
present in 26 patients, of whom IS had multivessel disease. 
In the remaining 33 patients without a dipole. multivessel 
disease was present in I6 (p > 0.5 by chi square test with 
correction for continuity). Further analysis of the false 
positive results showed that the dipole predicled death even 
in patients with single right coronary artery disease. 
Epicardial potentials correlated with mortality and compli- 
cations (Table 3, A to C). When analyzed against death. 
dipole presence and acute events, the epicardial data from all 
219 patients showed that the maximal and the minimal 
voltage and the integral of the negative epicardial potentials 
were all significantly related to mortality, AV block and left 
ventricular failure. Although death was related to maximal 
and minimal voltages and the integral of area voltage of ST 
depression. the dipole predicted death even in the lower 
nonpredictive areas of these continuous variables. This 
result was found even if the test set alone was used (data not 
shown). 
Discussion 
Epicardial maps. The technique of constructing epicar- 
dial surface distributions from body surface potential mea- 
surements was developed in animals by Barr and Spach (13). 
Although some reports of epicardial solutions in human 
patients have been published (U-17), to date the only 
published validation (9) has been against results of coronary 
arteriography in which the site of ST elevation in acute 
infarction correlated with the site predicted from angiogra- 
phy. In spite of this need for further validation studies in 
humans. we believe the technique to be sufficiently accurate 
to test our hypothesis. 
The advantages of seeing an epicardial distribution are 
that the ECG changes are directly related to the anatomy. In 
our study, we used the epicardial distribution during the ST 
segment to test the hypothesis that the epicardial ST distri- 
butions would enable the differentiation of ST depression 
due to anterior ischemia from ST depression secondary to 
ST elevation in acute inferior infarction. The hypothesis 
could not be tested directly, but in this group of patients, the 
indirect predictors (death, AV block and left ventricular 
failure) were significantly more common in those patients 
whose epicardial maps showed the predicted dipole. 
Data collection and interpretation. Body surface ECG 
data can be collected with use of any technique that acquires 
simultaneous data from around the body. Our system was 
designed to be rapid and easy to use on extremely ill patients 
in the coronary care unit. The epicardial transformation is 
not generally available but is easy to perform on the map 
data and takes < 1 min. The interpretation of the epicardial 
map is not difficult, but is different from that of the I2 lead 
ECG. The patterns arc striking and easy to distinguish. In 
addition, the measured variables on the epicardial surface 
are readily available and of predictive value themselves. 
Statistical analysis. The learning set of I IO patients was 
used to clarify criteria for dipole presence or absence. These 
criteria included the dipole patterns illustrated in Figure 2. In 
type I. there was a strong dipole from the inferior to the 
lateral surface. which suggests an ischemic region on the 
lateral wall, probably in the territory of the left anterior 
descending coronary artery. The second pattern suggests a 
dipole from the region over the great vessels onto the 
superior portion of the lateral surface in association with a 
small region of inferior ST elevation (type 2, Fig. 2). This 
could be explained by the presence of ST elevation over the 
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Table 3. Clinical Significance of Maximal Positive and Maximal Negative and Both Epicardial Potentials (v,,,) 
[O. 0.5) [O.S. I.01 [I.O. I.0 11.5. 7.0) [LO. 2.5) [X5, 3.0) 
A. Maximal Positive Epicardial Potentials (mVl 
23.0: p Value* 
NO. 20 62 
No. of deaths I 5 
Dipole and death 0 1 
VT 5 9 
VF I 3 
AV Block 2 9 
LV Failure I 3 
48 35 I8 15 21 
4 5 0 5 6 0.0009 
4 5 0 5 6 -1 
3 4 6 5 6 0.14 
2 2 I I 2 0.32 
7 11 5 4 7 0.0086 
IO 6 7 3 8 <0.0012 
8. Maxlmal Negative Epicardial Potentials (mV) 
NO. 
No. of deaths 
Dipole and death 
VT 
VF 
AV Block 
LV Failure 
62 49 22 26 
2 I 6 6 
0 I 6 6 
5 6 3 4 
I 0 3 7 
8 9 5 8 
? 6 3 6 
C. Maximal Positive Minus Maximal Negative Epicardial Potentials 
II 33 
I II 0.0003 
0 9 --f 
2 I! 0.11 
I 3 0.13 
5 IO <0.0033 
2 I3 <o.OOoO5 
c-1.0 I-1.0. -0.5) (-0.5. 0.0) [O.O. 0.5) LO.5. 1.01 >I.0 
No. I3 20 51 72 14 23 
No. of deaths 3 2 4 5 8 7 0.03il 
Dipole and death 3 2 0 7 8 7 -3 
VT 4 4 9 8 7 6 0.39 
VF 1 I 2 3 3 2 0.17 
AV Block 2 5 8 13 IO 8 0.13 
LV Failure 3 I 4 7 8 IO 0.0012 
*p value by Mann-Whitney U lest for occurrence of event versus increasing v,,,. TNote: Ix.y) means the range of values between x and y, including x but 
not y. as per standard mathematic notation. $no p value because number of deaths and dipole arc not independent in the learning set. Abbreviations as in 
Table 1.D 
anterior endocardium and current flow out of the great 
vessels back onto the anterolateral epicardium. 
Analysis of the test set was performed in a blinded 
manner and confirmed that it is possible to detect epicardial 
patterns predictive of a poor outcome. The use of a learning 
set was necessary because, although we had developed an 
anterograde hypothesis, the application of this hypothesis to 
the data required a visual assessment of data sets that ranged 
from those that obviously demonstrated a dipole to those 
that obviously did not. To automate the analysis of whether 
a dipole existed on the cardiac surface would require a 
different model solved in terms of a surface dipole. A simple 
approach looking only at the position and size of the maxima 
and minima does not USC any of the data relating to the 
distribution of the current field and is unsatisfactory. 
We believe that this form of “blind” analysis is valid, 
with the use of statistically similar sets of patients eliminat- 
ing bias. Because the patients studied were from the only 
coronary care unit in Southern Tasmania, the population 
base for the study is broad and the results are applicable to 
other broad population groups. 
Relation to multivessel disease. The analyses utilizing 
coronary arteriography and postmortem data give a surpris- 
ing result. Our hypothesis was developed from the assump- 
tion that concomitant major coronary artery disease would 
be the major cause of morbidity and mortality in inferior 
infarction. The analysis shows clearly that the dipoles were 
present in patients with single vessel disease as well as in 
those with triple vessel disease and that the dipole predicted 
the death of those with single vessel disease. One explana- 
tion for this finding is that the dipole reflects major suben- 
docardial ischemia in other territories. but this ischemia is a 
result of mechanical stress secondary either to the size of the 
inferior infarction producing high wall stress in the remaining 
ventricle or to a mechanical dysfunction such as mitral 
regurgitation, ventricular septal defect or cardiac rupture. 
An additional possibility would be the extension of the 
infarction into the right ventricle, with ischemia due to septal 
stress or reduced coronary flow as a result of lower output. 
In our study, two patients who died of cardiac rupture and 
one patient who had a ventricular septal defect had single 
vessel disease but were predicted to be in the high risk 
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group. Other patients in the series may have had mitral 
regurgitation that was acute but not diagnosed as such at the 
time. We have seen a patient who developed acute mitral 
regurgitation after inferior infarction who also developed 
anterior ST depression at the time of the regurgitation. In 
addition, the stress exerted on the heart by inferior infarction 
is variable. One would not expect a small branch of the 
posterior descending artery to cause a major increase in wall 
stress if it occluded. whereas a proximal dominant right 
coronary artery occlusion would cause major problems, 
even with a reasonably good remaining coronary circulation. 
Magnitude of epicardial ST change. In the 219 patients, 
the statistical analyses show that the degree of ST elevation 
and ST depression and the negative ST segment area voltage 
integral were significantly related to mortality. From other 
studies (9). we believe the position of ST elevation and 
depression on the epicardium relates to the coronary anat- 
omy and disease. The exact relation of the degree of ST 
elevation to infarct size in humans has not been fully 
evaluated. In animal models (IQ, there are data showing 
that, early in infarction, the position but not the degree of ST 
elevation is related to infarction size. Solid angle theory 
suggests that degree of ST change should be related to 
infarct region. When this relation was investigated (19) in 
pigs by brief coronary artery occlusion. precordial changes 
were found to be related but epicardial changes tended to be 
inversely related. There may, however, be a general relation 
between infarct size and the degree of ST change that 
remains after the acute changes (first 30 min) have resolved. 
This hypothesis would explain our data. which relate epicar- 
dial potentials to outcome, and needs further investigation. 
Origin of epicardial ST potentials. The body surface ECG 
represents the potential difference between points on the 
body surface. A current field is created in the thorax by 
current flowing from regions of the heart back into other 
regions (20). Studies in animal models (18,19,21-23) have 
shown that, during recording of the ST segment, current 
flows intracellularly from the normal region of the heart into 
the ischemic infarcting region, which causes the infarcting 
region to appear positive compared with the normal myocar- 
dium. With ischemia isolated to the subendocardium the 
intracellular currents are the same, but because they are 
viewed from outside the heart, the region of myocardium 
over the ischemic region appears negative compared with 
the remaining myocardium (19). 
Because the ECG is a measure of the potential difference 
between points on the body surface, a region of ST elevation 
implies only that there is a region of potential that is more 
positive than the reference electrode. The corollary of this is 
that, during the ST segment change, when the observed ST 
elevation is a result of a current source, there is also ST 
depression elsewhere over the chest because of a current 
sink. The term “reciprocal change” should be used to imply 
ST depression secondary to a current source from a region of 
epicardial ischemic or infarcting muscle when the remaining 
myocardium is normal. We believe that the dipole patterns 
shown in Figure 2 are evidence of a second active current 
source such as subendocardial ischemia, and that these 
distributions are not simply “reciprocal.” The recorded 
epicardial maps form a continuum between a clear dipole 
distribution and a clearly absent dipole distribution, which 
suggests that there is a gradation of this effect with some 
patients showing minor &hernia. 
Conclusions. These data partially confirm the hypothesis 
that anterior ST segment depression due to ischemia can be 
differentiated from ST depression secondary to ST elevation 
in acute inferior infarction. Epicardial potential distributions 
are an indicator of those patients with acute inferior infarc- 
tion who are at risk, and they can be derived within IO min 
of seeing the patient. 
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